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The implications of chiral symmetry breaking and SU(3) symmetry breaking have 
been studied in the chiral constituent quark model (xCQM). The role of hidden 
strangeness component has been investigated for the scalar matrix elements of the nu- 
cleoli with an emphasis on the meson-nucleon sigma terms. The xCQM is able to give 
a qualitative and quantitative description of the "quark sea" generation through chiral 
symmetry breaking. The significant contribution of the strangeness is consistent with 
the recent available experimental observations. 

PACS Nos.: 12.39.Fe, 14.20.-c, 13.75.-n 

The internal structure of the nucleon has been extensively studied over the 
past 40 or 50 years and it is still a big challenge to perform the calculations 
from the first principles of Quantum Chromodynamics (QCD). The measurements 
of polarize d structure f unctions of proton in the deep inelastic scattering (DIS) 
experiment Jl | 2 | 3 | 4 | 5 | 6 | 7 | 8 | p rov ided the first evidence that the valence quarks of pro- 
ton carry only a small fraction of its spin suggesting that they should be surrounded 
by an indistinct sea of quark-antiquark pairs. These obs ervations were in contradic- 
tion with the predictions of Naive Quark Model (NQM jSHnHHHH3] 

which is able 

to provide a intuitive picture of the nucleon and successfully accounts for many of 
the low-energy properties of the hadrons in terms of the valence quarks. 

Several interesting facts have also been revealed regardin g the flavor dis- 
tribution f unctions in the famous New Muon CollaboratioifHUSl and E866 
experiment J ^ ^ indicating that the flavor structure of the nucleon is not lim- 
ited to u and d quarks only. The measured quark sea asymmetry of the unpolarized 
quarks in the nucleon established that the study of the structure of the nucleon 
is intrinsically a nonperturbative phenomena and is considered as one of the most 
active areas in the present day. 

Recently, there have been indications of strangeness contribution in the exper- 
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iments measuring electromagnetic form factors, for example, SAMP LE at MIT- 
BateJH, GO at JLab 20 , A4 at MAM1 21 and HAPPEX at JLatPHS These exper- 
iments have provided considerable insight on the role played by strange quarks 
when the nucleon interacts at high energies. On the other hand, a non-zero 
strangeness conte nt in the nucleo n yN has been indicated in the context of low- 
energy experimentPESMTEEl. Even though there has been considerable progress 
in the past few years to estimate the strangeness matrix elements from the neutral 
current observables, there is n o consensus regarding the various mechanisms which 
can contribute to y J^ I ^ I ^ U. Since the strange quarks constitute purely sea de- 
grees of freedom, the low-energy determination of the strangeness contribution to 
the nucleon would undoubtedly provide vital clues to the nonperturbative aspects 
of QCD. 

C urrently, the re is enormous interest in determining the meson-nucleon sigma 
term J25 | 26 | 27|28 | 

These are the fundamental parameters to test the chiral sym- 
metry breaking (xSB) effects and thereby determine the scalar quark content 
of the baryons. The meson-nucleon sigma terms cannot be measured directly 
from experiments and are known to have intimate connection with the dy- 
namics of the non-valence quarks. They are theoretically interesting because 
there is a discre pancy in the value derived from the meson-nucleon scat- 
tering experiment J 32 ! 33 ! 34 ! 35 ! 36 ! 37 ! 38 ! and from the hadron spectroscop y^ 1 ^ 9 !. 
The meson-nucleon sigma terms also provide restri ction on the cont ribution of 
strangeness to the parameters measured in low-energ y^ l 4 l | 42 | 43 | 44 | j 5] 

One of the most successful model which can yield an adequate d escription 
in this energy regime is the chiral constituent quark model 
The yCQ M is not only s uccessful in giving a satisf actory explanation of "proton 
spin crisis" ^ 50 | 51 | 52 |53J baryon magnetic moment JMES anc [ hyperon j3— decay 
par ameter J'^ | 57 | is also able to accoun t for the violation of Gottfried Sum 
RulJSSElEQ] anc j Coleman- Glashow sum ru ljSH55l6T] p_ ecen tiy ; th e comparatively 
large masses of th e strange quarks ha s been reiterated in detail through SU(3) 
symmetry breakin j 49 ^^^ 1 ^ 2 ^^^^ ^! and the predictions are found to improve 
in the case of spin polarization functions and related parameters. In this context, 
it therefore becomes desirable to carry out a detailed analysis of the role played 
by chiral symmetry breaking and SU(3) symmetry breaking in understanding the 
dynamics of quark sea in the nonperturbative regime of QCD with an emphasis on 
the strangeness flavor distribution functions. 

The purpose of the present communication is to understand the implications 
of chiral symmetry breaking (xSB) for the scalar matrix elements of the nucleon 
within the xCQM. In particular, we would like to phenomenologically estimate the 
quantities affected by the hidden strangeness component in the nucleon, for example, 
strangeness content in the nucleon yjy and strangeness fraction f s . Further, it would 
be significant to study the meson-nucleon sigma terms {urNi g^n) which have not 
been observed experimentally and are expected to have large contributions from the 
quark sea. Furthermore, it would be interesting to understand the extent to which 
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the strange quark mass contribute through the SU(3) symmetry breaking effects in 
understanding the nucleon properties. 

For ready reference as well as to make the mss. more readable, we present the 
essentials of yC QM. The ke y to understand the structure of the nucleon, in the 
XCQM formalism ^ 2 ! 63 ! 64 ! 65 ! is the fluctuation process 

q ± -^GB + q'T ^( q q') + q 'T > (1) 

whe re GB represents the Goldsto ne boson and qq + q constitute the "quark 
sea H 49 | 50 | 51 | 52 | 53 | 62|63 | 64 | 65 | 6 5EZ| | The effective Lagrangian describing the inter- 

action between quarks and a nonet of GBs, can be expressed as 

£ = 8 q($ + C^l)q=<?8q($Oq, (2) 

where £ = gi/gs, gi and gs are the coupling constants for the singlet and octet GBs, 
respectively, / is the 3x3 identity matrix. The parameter a(= \gs\ 2 ) denotes the 
probability of chiral fluctuation u{d) — > d(u) + . The SU(3) symmetry breaking 
parameters a, and C are introd uced by considering M s > M Uj d, Mk, v > M v 
and M i > A^j^ ^ 62 * 63 * 64 * 65 * 66 * 67 ! and they respectively denote the probabilities of 
fluctuations u[d) —ts + K~(°\ u(d, s) — > u(d, s) + 77, and u(d, s) — >• u(d, s) + r] . 
These fluctuation parameters provide the basis to understand the extent to which 
the quark sea contributes to the structure of the nucleon. 

The GB field can be expressed in terms of the quark contents of the GBs and 
their transition probabilities as 

uu + 4> ud dd+ (f> us ss Vudud ifusus 

<&' = ( pdudu 4>duUU + 4>dddd + <f>d s ss <fdsds 

ip su su 4>sdsd 4> su uu + 4> s ddd + cj) 



where 



Odd = - + g + - , <Pss — — +g , 9us = 4>ds = 4>su = 4>sd 



1 , P , c 



'Mu — Pud — - ~ "t" 7" "r o ' 

2 3 



tfud = Vdu = 1 j <Pus = Vds = Vsu = ¥>sd = a ■ 



The contributions of the quark sea coming from the fluctuation process in Eq. (TTJ) 
can be calculated by substituting for every constituent quark q — > Yl PqQ + IV'('Z)| 2 > 
where Pq is the transition probability of the emission of a GB from any of the q 
quark and |i/'('?)| 2 is the transition probability of the q quark. 

Before proceeding further, we briefly discuss the calculation of the sc alar matrix 
elements of the nucleon. The flavor structure of the nucleon is defined a j62 | 63 | 64 | 65 | 

N=(N\qq\N), (5) 

where \N) is the nucleon wavefunction (detailed in RefP^J) and qq is the number 
operator for the scalar quark content measuring the sum of the quark and antiquark 
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numbers 

qq = (n q q + nqq) — n u u + n a u + n d d + n d d + n s s + n s s , (6) 

q— u,d,s 

n q(q) being the number of q(q) quarks. The modified flavor structure of proton after 
the inclusion of the effects of chiral fluctuations in the %CQM is expressed as 

2P u u + P d d + 2\^u)\ 2 + \i>(d)\ 2 1 (7) 

where the total probability of no emission of GB from a q quark (g — u, d, s) can 
be calculated from the Lagrangian and is given by 

p q = i-J2 p «> ( 8 ) 

with 



5> 


= + 


4>ld + 4> 2 us + fid + <pI„) i 




(9) 


E p <* 


= ^{4>du + 


<Pdd + <#L + flu + Vd„) > 




(10) 


E p * 


= a (^L + 


& + + flu + fid) , 




(11) 


\^(u)\ 2 


= a [Win 


+ <aL + + + fls) u + 


tfuuU 






+(4>ld + 


fl d )(d + d) + (<t>i s + cpl s )(s- 


M)] , 


(12) 


md)\ 2 


= a [{<t> 2 du H 


-Wdd + <f> 2 ds + f 2 du + f 2 ds)d + 








H4>lu + 


fdu){ u + v) + {4>ds + fds)( s - 




(13) 


\m\ 2 




- <t>ld + 20L + flu + fid) * + 








+(4>L + 


flu){u + u) + (<f>ld + fld){d' 


f d)] . 


(14) 



In terms of the transition probabilities, the 'averaged' integrals of the quark 
distribution functions are expressed as 

u — u — 2, d — d=l, s — s = 0, (15) 

where the antiquark distribution functions are 

u = a(24> 2 uu + <f% u + (p 2 du ) , 
d = a{24> 2 ud + 2<p 2 ud + 4> 2 dd ) , 

8 = a(24> 2 us + 2cp 2 us + <t> 2 ds + <p ds ) . (16) 

The pion-nucleon sigma term (av_/v) affected by the contributions of the quark 
sea is expressed as 

a wN = rh{N\uu + dd\N) = m (3 + 6a (<g u + 4>l d + fid)) ■ (17) 

where rh = ( m "+ md ) j s the average value of current u and d quark masses evaluated 
at fixed gauge coupling and qq is the scalar quark content!^. Since a^N provides 
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restriction on the contribution of strange quarks in the nucleon, it can be rewritten 
in terms of the strangeness content in nucleon tjn as 

(N\uu + dd-2ss\N) a 

°Vjv = m — = - — - — , (18) 

1 - 2y N 1 - 2y N 

where we have defined 
a = m(N\uu + dd - 2ss\N) = m(3 + 6a(^ u + cg d + V 2 ud - 2<^ s - 2^J) , (19) 



and 



= (N\s S \N) = Mtis+Vlst m] 

A (N\uu + dd\N) l + 2 a (^ u + ^ + ^ s + ^ + ^L)' 



Since a^N is related to the hadron mass spectrum as well as the quark mass 
ratio, therefore, following RefP, we can express a as 

3(M B - M A ) 

(\-™*.\ ' ^ ' 

where and Ma are the baryon masses. The latest accepted quark mass ratio ^ 
has the value 22-3(M 

It is also important to define the strangeness fraction of the nucleon which is 
related to the strangeness content in nucleon as 

= (N\ss\N) = m 
Ts (N\uu + dd + ss\N) 1-Vn' 

This can further be rewritten in terms of ova and a and is expressed as 

/. = . (23) 

Another important parameter which is completely determined from the strangeness 
content in nucleon y^ and the mass ratio is the strangeness sigma term 

1 xn 

<j s = m s (N\ss\N) = -y N -±a KN . (24) 

2 m 



According to NQM, the valence quark s tructure of the nucleon does not involve 
strange quarks. The validity of OZI rul e ' ' ' ' ' in this case would imply 
Vn = fs = or a = <j-kN- For ^ = 22, the value of ovat comes out to be close to 28 
MeV. However, the most recent analysis of experimental data gives higher values 
of ovtv which points towards a significant strangeness content in the nucleon. 

Further, we can calculate the sigma terms corresponding to the strange mesons. 
For example, the kaon-nucleon sigma term can be expressed in terms of the scalar 
quark content and a^N as 

<Jkn = KN 2 KN = ^(N\uu + dd + 2ss\N) = ——±(2<7„ N - a) , (25) 
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where a\ N = ^^{N\uu + ss\N) and a d KN = ^^(N\dd + ss\N). Similarly, the 
77-nucleon sigma term can be expressed as 

1 — 1 2(777/^ ~\~ TYl\ 

c V N = -(N\m(uu + dd) + 2m s ss\N) = -a H ^ Un^n ■ (26) 

In TablefTJ we have presented the results of our calculations in xCQM pertaining 
to the scalar matrix elements which are affected by the strangeness content of the 
nucleon as well as the quantities which are affected by the quark mass ratio as well 
as the strangeness content, for example, er, <7 S , ct^n, &kn, and a V N. For the sake 
of comparison, we have also given the corresponding quantities in NQM and the 
available phenomenological values. To understand the implications of the strange 
quark mass and SU(3) symmetry breaking, we have presented the results with 
and without SU(3) symmetry breaking. A closer look at the expressions of these 
quantities reveals that the constant factors represent the NQM results which do 
not include the effects of chiral symmetry breaking. On the other hand, the factors 
with transition probability a represent the contribution from the "quark sea" in 
general (with or without SU(3) symmetry breaking). As discussed earlier, the terms 
a, /3 and £ give the SU(3) symmetry breaking effects. In the present case, we have 
considered a = 0.12, ( = —0.15, a — j3 = 0.45 for the SU(3) symmetry breaking case 
whereas under the SU(3) symmetric assumption we have taken a = p = — £ = 1. 
Since the a terms are characterized by the parameters of xCQM as well as the light 
quark mass ratio, we have used the same set of parameters for %CQM as discussed 
above and for we have used the most widely accepted value ^ = 22 from the 
range 22 - 3(0t 

From the Table one finds that the present result for the strangeness content in 

the nucleon and strangeness fraction of the nucleon f s looks to be in agreement 

with the most recent phenomenological results available which the NQM is unable 

to explain. The non-zero values for y^ and f s in the present case indicate that the 

chiral symmetry breaking is essential to understand the significant role played by the 

quark sea. It is also clear from the table that, in general, the quantities involving the 

strange quark content are very sensitive to SU(3) symmetry breaking. For example, 

the values of the strangeness dependent quantities yjq and f s change to a large 

extent when compared for the SU(3) symmetric and SU(3) symmetry breaking 

case. The results for other quantities which do not have strangeness contribution 

are not much different for both the cases. The SU(3) symmetric results for y^ and 

f s are ~ 5 — 6 times higher than the SU(3) symmetry breaking case. Such a large 

value c annot be justified which is also in agreement with the observations of other 
ailthor j29l3()lf)2l63l(j4l65l 

A closer examination of the results reveals several interesting points. We find that 
the a terms increase by taking lower values of the quark mass ratio but it has been 
argued that the possibility of readjusting the quark mass ratio to get higher value 
of a term is ruled oulP^. For ct^n, the value of xCQM with SU(3) symmetry can 
give a value in the higher range by adopting a larger value of a however, as has been 
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shown in our earlier work, SU(3) symmetry does not give a satisfactory description 
of quark sea asymmetry and spin related quantities. Also, the <jk n and tr^jv become 
strangely large for the SU(3) symmetric case which confirms that SU(3) symmetry 
breaking effects should be taken into account. A refinement in the analysis of n — N 
scattering giving higher values of g^m would not only strengthen the mechanism 
of chiral symmetry breaking generating the appropriate amount of strangeness in 
the nucleon but would also justify the consequences of SU(3) symmetry breaking 
mechanism. The okn an d o^jq terms are found to be quite sensitive to j/jv- 

The effects of external effects like external magnetic and external gravitational 
field can easily be incorporated into the calculations of xCQM. Without getting 
into the details, our results show that the effects of magnetic field and gravitational 
field contribute towards xSH in the opposite directions. This is in agreement with 
the results in Refill The chiral symmetry is broken by the presence of magnetic 
field whereas the presence of gravitational field tends to restore chiral symmetry. 
This leads to a very small overall contribution and the exact order of magnitude 
can be estimated in a more detailed calculation. 

Future DA$NE experiments^^ will allow a determination of KN sigma terms 
and hence could restrict the model parameters and provide better knowledge of 
strangeness content of the nucleon. Further, it would be interesting to find out the 
role of strangeness content in the nucleon in the hyperon-antihyperon production 
in heavy ion collisions. 

To summarize, the xCQM is able to phenomenologically estimate the quanti- 
ties having implications for chiral symmetry breaking. In particular, it provides a 
fairly good description of the scalar matrix elements having implications for hid- 
den strangeness component in the nucleon, for example, the strangeness content in 
the nucleon and strangeness fraction of the nucleon f s . The non-zero values for 
Hn and f s indicate that the chiral symmetry breaking is essential to understand 
the significant role of non-valence quarks in the nucleon structure. The significant 
contribution of the strangeness is consistent with the recent available experimental 
results which justify that chiral symmetry breaking and SU(3) symmetry breaking 
play an important role in understanding the flavor structure of the nucleon. 

The calculations have also been extended to predict the meson-nucleon sigma 
terms (<jkn and <7 v n)- The future DA$NE experiments to determine KN sigma 
terms could restrict the model parameters and provide better knowledge of 
strangeness content of the nucleon. The role of strangeness content in the nucleon 
would also have important implications for the hyperon-antihyperon production in 
the heavy ion collisions. 

In conclusion, we would like to state that chiral symmetry breaking is the key to 
understand the hidden strangeness content of the nucleon. In the nonperturbativc 
regime of QCD, constituent quarks and the weakly interacting Goldstone bosons 
constitute the appropriate degrees of freedom at the leading order. 
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Table 1. The xCQM results for the scalar matrix elements of the nucleon and the 
meson-nucleon sigma terms. 
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with SU(3) 
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symmetry 
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(N\uu\N) 
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2.41 


2.44 


(N\dd\N) 




< 1 
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1.68 
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0.11 ± 0.0^129130] 
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